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ABSTRACT 

An evaluatlon of the acute lnh,alotlon hazard from radiorctlve fall-out matcrlzls has been 

made by analysts of results from animal exposures during fleld operatlons and from controlled 
lnhalatlon studles In the laboratory. 

Rabblta and rats have been subjected to controlled lnhslatlon exposures to dusts prepared 
by mlcropulverlzlng fused Insoluble radloacllve sllleeous material obtalned from Area 2 at the 
Nevada Test Site, Operatlon Upshot-Knothole. In these laboratory studies, field condltlons 
were simulated In respect to duratlon of exposure, particle-slre dlstrlbutlon, and levels of 
air-borne radloactlvlty Involved. The relation between particle size, dust concentration, and 
duratlon of exposures to Initial deposltlon In the lungs and gastroIntestlnaI tract has been de- 
termlned. tn addltlon. the rates of removal have been measured. The laboratory studlea dem- 
onstrate two lmportant physlologlcaI-safety factors against the relentton of dangerous quantt- 
tier of Inhaled particulate materials. These are, first, the flltratton mechanism of the upper 
reeplratory passages which llmlte pulmonary retention to partlclee of emaIl eke (below 5.0 p), 
and, second, the normal clearance mechanleme of the upper and lower lung passsger which re- 
move Inltlally deposited large and small partlclee at rapld rates. 

The results from expoelntt several groups of rabblte to fall-out material (by Inbalatlon 
only) at stations located along two arcs, 7 and 106 miles from a tower detonation, are aImost 
entlrely negative. Urtne epeclmens obtalned durtng the first day following detonatlon contalned 
minute but measurable amounts of soluble radloactlve material which had a relatively short 
half llfe (1 to 2 days). Iung speclmene had no detectable radloactivlty when measured 6 to 21 
days later; however, samples of lnteetlne from the same animals still had measurable levels 
of beta actlvlty. 

The total integrated Internal radtation exposure could be expressed In mlllfrep, even at 
the cloee~statlone, where the Integrated external Kamma-ray exposure was found to be 14 to 
32 r. At the 106-mile statlons, no measurable radloactlvity was present In specimens of lung 
or urine; however, the levels of radloactlvlty in Intestine samples were elther negative or 
several times lower than those found In animals at the near stations. The external gamma-ray 
dose was lees than 4.0 r. 

From careful ronslderatlon of numerous pertlnent phyelcsl and physiological factors and 
from analyele of field and laboratory !nvestlgatIone, It Is evtdent that there Is no apparent 
ettuatlon in nuclear warfare where, during the first few days after the detonatlon, one could 
Inhale sufftclent radloactlve materlal to Induce a serious radlatlon Injury to lunge or lnteetlnes 
wlthout stmult.aneouely being subjected to supraleth.aI doses of external beta-gamma radtatlon. 
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CHAPTER ! 

INTRODUCTION 

1.1 OBJECTIVES 

The purposes of this project were, first, to determine the pulmonary uptahs of soluble and 
insoluble particulate radioactive fall-out material in rabbits from acute inhalation exposures 
at two test sites along the estimated midllne of the fall-out path following a tower detonation 
and, second, to measure the pulmonary uptake and clearance in rabbits following cc~trolled in- 
halation exposures (UCLA dust chamber) to 0- to 5.0-p size particulate material oi .ligh-level 
radioactivity obtained from the Nevada Test Site. 

1.2 BACKGROUND * 

Various dusts have been studled in this laboratory to determine tlieir pulmonary absorp- 
tion, distribution, and clearance, following single and/or repeated controlled inhalation ex- 
posures of rats and rabbits. The materials tested have included soluble agents, such as peni- 
cillin,’ and insoluble particulate materials, such as P’*-labeled E. subtilis spores,t barium 
sulfate,’ colloidal prodigiosin dusts,**‘ and micropulverited radioactive siliceous material’*’ 
from the Nevada Test Site having beta-gamm? radioactivity of 1 x 10’ d/min/g. The latter ma- 
terial was collected from Area 3 near Ground Zero 5 days after a tower detonatlon in the Up- 
shot-l<nothole series, spring i953. 

Results ‘have demonstrated the importance of particle size’ in Inftial penetration and re- 
tention In the lungs vs the gastrointestinal tract (see Table l.i), the relation of concentration 
of dust particles’ to the rate of pulmonary clearance (see Tables i.f and 1.2), and the relation 
between duration of exposure’ In hours to the amount of insoluble material initially deposited 
in the lungs (see Table 1.3). Most Important, pulmonary clearance studies’ have shown that 
insoluble dusts are removed rapidly upward from the lungs (exponential decline of pulmonary 
content) and finally leave the body through the gastrointestinal tract (see Table 1.4). firther- 
more, insoluble materials are cleared from the lungs more rapidly and efficiently in radiated 
animals’ than in control animals owing to increased mucous secretIons and phagocytic factors 
(see Table 1.2). Soluble dusts, such as penicllltn, are absorbed within a few hours from mu- 
cous membranes of the entire respiratory tract and enter the blood stream.’ khaki sodium 
penicillin is absorbed and removed frcm the body at rates similar to those following intra- 
muscular injection’ of this same material. 

The Ievels of radioactivity over the thyroid gland and in blood and urine samples in human 
subjects following oral administration of I’“-labeled NaI have been reported.’ Prellmlnary 

studies in rabbits have shown agreement with the human data. 
The operations of this field project were designed to gain Information concerning the bio- 

logical fate of short-half-lived soluble and insoluble isotopes, especially I”‘, following acute 
inhalation exposures to fresh radioactive fall-out materials. 

., . 
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Tab10 1 .I - RELATION OF PARTICLE SIZE TO ORQAN 
DCPDSITION OP INtlriLOD RADIOACTIVE Sl1.ICiXXJS 

DUST IN FUYALR DUTCH RADBllWt 
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*AH VnIwo rrproooor lb0 mua worn four aoparato Mlmdn ax- 
poood aImuHMooualy. 

, .._ 
4 

, ‘, 

MI. t.P-RATE OF REMOVAL OF PRODOKWM DUSF FROM 
LUK)S OF NORMAL AND X-IRRADIATED RARRITR 

Tlmo of 
Ylorqrun~ of prdlgloola pr pm of lung tluuot 

0 4.0 s.0 
14 1.0 0.1s 
48 0.0 0.0 
?a 0.0 0.0 

l DooaHy or prodl#oalo dust l I .o. 
thob valur roproaonm tbo moan from l lx aopurtr anhalo. 
:2W-kvd X-rayr brvlly n ham rtth l bdf-value layer of LOS mm 

ol ooppor. 
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Table 1.3-- EFFECTS OF lo-FOLD DIFFERENCES IN DUST 
~~~sCENT~~ATION~N ISITIALPUL~~ONAHYRETENTIONIN 
RABBI'ISFOLU)H7SGSI~;GZEINHALATlON EXPOSURES 

OF IMXEASED DURATIONTOTWODUSTCONCENTRATIONS 

fhlrauoo of 
expoourer. hr 

Total rtlvlty In lungs.’ d/mu 

Dust concentration Dust oxvxntratloa 
of 2 L 10) d/rnlo/lI+ of 2 x 10’ d/mla/m’ 

1 6.84 118 
2 21.8 224 
4 39.2 370 
0 85.6 402 

*Each value for hog ruiloactlvlty repreranta ao averwe 
fmm four ocparrte rolmalr eqwed rlmulhfaeusly. 

mbk 1.4- PARALLEL RELATION BETW?ZEN RATES OF PULMONARY 
AND GASTRODITESTINAL-TRACT CLEARANCE OF RADIOACTIVE 
SILICEOUS PARTfCLES FOLLOWING A SINGLE 4-HR INHALATION 

EXPOSURE OF RABBITS 

Time of 
racrtflce. 

dayr 

Total beta-gamma activtfy 
to eebed rpeclmens, d/sa: 

Luuw G~traeestInaI tract! 

0 
2 
4 
I 

28 
56 

84 
112 

372 

282 
106 
55.7 

9.01 
4.96 

4.35 
0.80 

2330 
1750 

534 
202 

40.6 
22.: 

10.9 
21 .o 

Wenslty of rIllceour mat&d = 2.5. 
tAverage of four rabbIta 

$Stomacb only. 
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CHAPTER 2 

PROCEDURES 

2.1 FIELD OPERATIONS 

__.._ . .r.-.. _._ 

Xn cooperation with Other projects of Program 37, sew \1 groups of rabbltr were trans- 
ported to asd tram predetermlned locatlotu on the predicted path of tall-out by members of’ 
Project 37.3. ‘MO eddltlonaf group. of animals were employed for control purposes: One was 
kept at the laboratory In Mercury; the Other was transpotied to and tram the fall-out areas to 
evaluate the amount ot exposure durlng transport only. The preshot piacement of eqerlmentl 
snd control groups of rabbits 1s given ln Table 3.1. 

At each fall-out statlon, facllltlrs and equipment for measuring Jr-borne radloactlvlty, 
ad1 contamlnatlou, plant contamlnatlon, particle-slz- dlstrlbutlon, and accumulated external 
gamma-radlatlon exporurcs were provtded and operzted by Projecta 37.1 and 37.2. Chemical 
dorlmeters were rupplled by Project 30.6. 

Tsblo 2.1- F’REBHOT PLACEMENT OF RABBIT6 FOR INttAWTlON 
EXPO6URES 10 FALL-OUT YUTEfUALs, AEPLE U MAY 5.1955 

Aslmsl No. of AppruxlMP dlrtsuca from 
lroup salrnstr Grourd zero Loc8ttos’t 

MC 1 7-mile l o At snlmsi Wsrters 
A 6 T-mite sre 0.0 mtlc wrt 
B 4 ?-mue uo 2.6 miles wrt 
C 6 S-mile UC 4.1 mtlas *rot 
TC 2 7-mtle 8re Aboard truck 

D a 1tNMsflo src 6 uulso west 
E a te6-mu. UC 0.S ultle esst 
F 2 166~mile uo 4 miles east 
G 2 106~de uo 6 mtlcs east 
H i 166-mtle ue S6 mtler eut 
Tc 2 lS6-mile are Ahosrd trueh 

*For tbo 7-mile uo tk locrttoas wmre m&s Wh rsforeaes to the 
Mercury ht@~way. Nevsds Test We. atonj road threufi Ares 3. 

tFor the 106~mllo us the lecstlons wre rssde with refemace to Warm 
SpCngo, Nov.. alow U.S. H&busy 6. 
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2.2 LABORATORY OPERATIONS 

A Beld Iaburatory rnd animal quarters were esl~blislwd at Mercury to make observatjuns 
and measurements on ail animals during the initial ‘1%hr period after inh;llation exposures (0 
fall-out matcrillls. Upun return of the animals fn~m the field, the following procedures were 

performed: 
1. Each animal was dcrontaminated until cxternaj lcvcls of gamma radioactivity were re- 

duced to 0.05 mr/hr or less. 
2. Bladder urine was expressed manually and collerted. 
3. Each animal was placed in a separate metabolism cage. 

4. External measurements of thyroid gamma-ray activity were made one or mure times 
daily. 

5. Urinary excretion was measured, and samples were cullccted system:. Jly. 
8. At 72 hr lx~otexpusure, all .animals were sacrificed, refrigerated (dry ice), and shipped 

to the Iaburatory at the ,Atonrir Energy Project, UCLA, for radioassay of various organs IO 
determine the fate of the inhaled fall-out material. 

2.3 INSTRUMENTATION 

2.3.1 Inhalation Exposure Equipment 

Burtnp Inhdatlon expusure to, fatI-out, all animals were placed in separate restralntng 
buxes designed to permit hr exposure only and also to prevent simultaneous ingestion of 
materials on lhc ground (see Fig. 2.1). Upon recovery foiiowlna fall-out exposure, each animal 
was cleaned superficially #and a plastic collar was secured around the neck. The collars were 
employed to prevent neck injuries during transport and the ingestton of fall-out material con- 

taminating the fur. 

Fig. 2.1 -1krtraining Ina ~IW ~nhnl:~tlon rxposurr wllh shlrld 10 prevent Ingestton. 

2.3.2 Radiation lktcrtion Equipment 

A collimated gamma-ray sc*intilIation counter (Nal crystal) ronnected to a scaier was 
used to measure gamma radiation externally uver the thyroid arca (set Fig. 2.2). The sensi- 
tivity of this txtuipmcut was suffiricnt to register the prescnrc of as little as 0.003 uc of 1”’ in 
the .hyroid wilh the proredurcs cmpioycd. 

Radioassay of urine s:~mplcs WIS made wilh standard rountintt equipment, using a 1.4 mg:/ 
rnir mica window fur dricrl saniplt~s. This cquipmr*nt was prov!dcd by Projcrt 37.1, ;tnd count- 

inc proredurcs ealablishcd by this Kroup we,rr cn@~ycd.‘” 

13 
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uptrIte In rshbne. 



CHAPTER 3 

RESULTS 

3.1 AIR-BORNE RADXOACTIVfTY LEVELS AND GROUND SURFACE CONTAMINATIOti 

Data presented in.Table 3.1 show the levels of beta-gamma radioactivity measured at the 
three stations on the ?-mile arc snd at the four etations on the iO&mile arc. These measure- 
ments were made by Project 37.2. It is apparent that the major exposure of animals located 
on the ‘I-mile arc occurred during a period of about 90 min after the cloud reached the sites. 
Likewise, at the IO&mile arc, the major exposure occurred durtng a period of about 90 min 
immediately after the cloud reached these sites. Alchough the animals remained Under fall-out 
for about 8 hr, more than 90. per cent of the total inhalation exposure occurred during the first 
90 min, 

From the valves shown for air-borne vs soil contamination, it is evident that mo& of the 
rsdioactivity must have been on large particles which were not drawn into the air samplers. 
This is the best explanation for the gross differences between level8 of activity in the air and 
on the ground surface. 

_ 

ft is important to note that the percentage of radioactivity present in the 0- to 5.0-p parti- 
cle-size range in soil samples is much greater at the distant stations compared with values 
found at the ?-mile-arc stations. This relation is in accord with theoretical predictions and 
provides information which clarifies the biological findings. 

The values given for mean size of particles found on cascade-impactor samples ard 
based on measurements of radioactivity and standardization of the impactors with material of 
similar density (2.5) and of known particle-size distribution. Actual measurements of particle 
size by microscopic methods were not made, nor were the relative numbers of radioactive and 
nonradioactive particles determined. From the work done by others,*’ it is likely that the ma- 
jority of particles in the 0- to 5-p size range found on impactor slides and filters are noa- 
radioactive, 

It is important to emphasixe that the low levels of radioactive f&-out materials found are 
probably related to two main factors: (1) The bomb wan detonated from a 500.It tower, and 
(2) the ground surrounding the tower was paved with asphalt. The combination of these factors 
could reduce the amount of fail-out considerably. 

3.2 THYROID MEASUREMENTS 

Animals exposed at the 7. and iO&mile stations were examined three times in the field 
(Ii + 33, 53, and 73 hr), using external gamma-ray scintillation-counting techniques similar to 
those employed clinically for thyroid uptake of 1”’ (see Fig. 3.1). Prior to making such mess- 
urementr, each animal was decontaminated externally, using a vacuum cleaner. The majority 
of exposed animals and the restraining boxes were contaminated slightly, to the extent that 
gamma-ray activity before decontamination registered by a survey meter was 2 to 3 mr/hr 
(background of 0.05 mr/hr) at H+ 16 to 30 hr. ln general, levels of gamma-ray acthity Over 

15 



- .~ . ..--. . .- __.____ _. ,.. --M-e...- . _. _._ 

. . 

Table 2.1-D~tUBUTtON OF ENVIRONMENTAL RADtOACTWl’W AT FALL-OUT 
EXFtXWtE STATION& APPLE U, MAY S. 19S6* 

Air Itadhouvlty Q Doll8 Integrated uternal 

.UIlplll!g Blot4 
gamma-ray SxpomJre~, r 

timer, Madlrs m&m’.& po/rt’, wtivl\y ln Cbemtoal 
hr aftor dtunotor.~ la*12 II+ 12 0- to 6-p pwtlolo- Fltm Qolmeter 

. tatton N-hour L br hr rtao fmctloa mwitngm roadtltgr 

.- 

Ob2S-1.82 
1.82-2.82 
S.82-&US 
5.82-1.82 
7..92-e.82 

0.20-1.82 
l&2-2.82 
2.82-6.82 
6.82-7.82 
t.(U-0.62 

0.12-1.82 
l.I-S.&l 
2.02~s.82 
6.62-7.63 
7.82-9.82 

2.07-4.22 
4.22-6.22 
6.22-8.92 
8.22-10.22 

S.aS-43s 
4.33-0.32 
tl.SS-b.S2 

s.oa-S.62 
3.&I-s.e.2 
5.82-7.83 
7.82-9.82 

2.08-4.32 
4.32-6.32 
6.32-8.33 
IUS-iOd2 

3.08-4.22 
4.22-6.22 
6.23-8.22 

25 

25 

Cl0 

<LO . 

<IO 

. 

i 

l 

, 

. 

. 

*MA rupplted by Pmjaot 27.2. 
tOat cdcuhted from mdlowttvtty meuyremaas. 
tt.K.2t.A l utom~tto h&b-volume air-•n~pler de& 
Walueo from fatI-out tr+y data aad all rrfaca umplw. 
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Fig. S.l-Arruyemsnt of apparatw for meu#rement of thyraId I”’ umb la humuu. 

the thyrold gland dld not exceed background. Three Instancea of hlghsr Ieveir were subae- 
quently demonotrated to lndlcate external contamlnatlon of the hlde, rather than actual thyroid 
radloactivity, when the gland8 w&e removed and assayed in a deep-well eclntillatlon counter. 

3.S DETERMINATIONS OF RADIOACTIVITY IN SAbfPLES OF URINE 

Animals recovered from both the 7- and lob-mile-arc rtatloru were etudled during the 
first 3 days following head exposure to fall-out. The ftrst urinary collectton perlod was from 
Ii+14 to 18 hr, the second was from Ii+18 to 33 hr, and the third wan from H+SS to 53 hr. 
Sampler from the flret collectlon perlod, from animals at the 7-mile arc, were counted twice: 
first at H+55 hr and agaln at H+ll7 hr. 

The values br beta-gamma wtlvlty found are presented In Table 3.2. The Initial radlo- 
actlvlty levels were so low that, when samples were recounted 3 day6 later, the valuer ob- 
tained were too kow to permit accurate measurement& However, when the valuer obtained on 
sampler collected immediately after return of the animals to Mercury are corrected for de- 
cay and extrapolation 16 made to H+ 12 hr, It 1s seen that small amounts of soluble r8dloactive 
matertab were present. From the rapid decay rate estimated from recount@ these early 
sample8 (at 55 and 117 hr), It 1s poeslble that I”’ was Involved; however, becauee of low Initial 
levels, this poesibllity could not be establlshed with certainty. 

- All sample6 from animals exposed at the lO&mlle atat1one were found to have no mea+ 
urable radloactlvity when counted at H+S5 hr and later. Thur it III lmposrlb1e to determine 
what the actual levels would have been tmmedlately after exposure. Hwever, the7 were un- 
doubtedly lower than those found In animals exposed at the I-ml10 stationa. 
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Table S3--RAD1OACTlYlTY IN URINE hIdPtE6 FROM. RABBfT6 E%Po~ED 
‘f0 RADfOACTWE FALL-OUT. APPLE II, MAY S. is55 

BotA-pmmo rdlmcttvlty Ievetr la urlno rmpleo. d/r.0 
(H* 14 to 1% br coltectloa porlod) 

. 

s-ad dI* s-ml ~t~otr TOM actlilty 
cewted at counted 8t in ruBpIe 
If+ 65 br* if+ 117 br* rt If+ 12 btt 

4.85 0.12-6.80) 1.84 (1.26-2.51) 1420 (567~3020) 
5.24 (2as-0.95) 2.04 (1.27-3.08) 2000 f1112-s120) 
6.45 &56-2&l) 19s (ode-ias) 1920 (175-0240) 
0.475 (0.125-0.s70) 

•~&md C~~clry rltb vu I.57 d/w rt H+ 55 br rrd 1.27 d/m at Hi 117 hr. 

tlbrr nlwm am oormoted for dmy, urlly the f ‘** factor. 

W 2.2- RADIOACTfWl’Y (BETA-GAMMA) OF TIS8UE 
8PECDLENg FROM AMldAts EXPCBED To FALLOUT 

MATERIAL BY INHALATION ONLY, APPLE If, YAY 5.1955 

Rdlora(Mtp** Ilyo/or680 

GmtrolntwuMl 
Nom 

‘FLM of rmilomoy, 
tfwt Cm dqm pomtmbot 

l-mile Am 

t 

ii.10 9.10 6 
‘I 

13% 7.06 21 
5.90 7.27 21 

I 
! 

I 

I 

! 

. 
4.57 2.22 
6.62 4.64 
a.64 12.60 

7.59 7.41 
4.22 4.57 
7.66 5.01 

Tt 
Tl 

839 il.00 
2;57 5.87 
5.09 2.22 

8 
‘8 

_i 

21 
21 
16 
6 

20 
10 
6 

11 
16 
11 
6 
6 

lo&mIlB Are 

2G55 2.66 
t&o 2.91 

4.51 2.90 
4.15 4.75 . 

17 
1s 
12 
16 
11 
6 

12 
6 
6 
5 

12 
20 

“l%m,m~ vmhem mm w~rmrmmd with reference to H* 72 hr. 
l%m i- rule was ured for calculatton of &cay: 
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2.4 RADIOASSAY OF TtSSUE SPECIMENS 

. 

Data pceaented tn Table 3.3 show the levels of bob-gamma arttvtty found in ashed samples 
ol gastrolntcsttnal tract and raecunr from anlmds exposed ;d the ‘I- and 1%mile nt;Lthw. 
Counts were made at dlffetent time Interval& but ~alucs &en have been rckected (or de&y 
and setf-absorption and have ken extrapolated tu Ha 72 hr, when the AmaIr were eacrifired. 

Where w valuoa are recurdcd. the levels wcro too low to read. II is apparent that a high per- 

centage uf a.nlmJs from the ‘I-nrlle statluns showed deflnlte, althouK:h low. lovela of radloac- 
tlvity in their gastrolnlcelinal tracts, whereas the animals from the IO&mile.stalions had 
lower levels wilh tqalive results In more thau half 4 the samples. 
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CHAPTER 4 

DISCUSSION, AN0 CONCLUSIONS 

4.1 DISCUSSION 

The evaluation of the acute haaard from inhdlng radfoactlve falf-out materials followjng 
atomic explosions requires careful consideration of numerous physical and physiological 

phenomena. Among the physical factors the more important are (I) the quantlty of radioactive 
matrriaj ProduCed, gOVerned by (a) type of detonation (high altjtude, tower, surface, or sub-, 
SurfaCe) and (b) yield of the weapon, usually expressed as equivalent kilotons of TNT, (2) the 
inhatability of the radioactive materiat, dependent upon (a) the mean physical density of the 
particulate materjai, (b) the eiectricai charge on the particles In respect to their tendency to 
form Wgregates or to remajn dispersed, and (c) the amount of radioactivity in fJl-out parti- 
cles of the respirable particle-size range (0.1 to 5.0 Jo); (3) the duration of exposure as deter- 
mjned by (a) wind speed and dlrectlon, (b) distance from Ground Zero, and (c) meteorologicai 
“shear” effects; and (4) the effective radiation life span of these Maled particles as governed 
by their chemical nature and derlvatlon from (a) mixed flssion products snd (b) activation of 
soil, water, or man-made structures at and adjacent to Ground Zero. 

The more Important physiological factors vhich,are pertlnent in evaluating the acute ln- 
halation hazard from fall-out include (1) the filterjng effect of the upper respjratory passages 
jn prerentlng large particles from enterlng the lungs and (2) the physlologicaj defense mecha- 
nlsms which are involved In clearance of foreljut particles from the respiratory passages. 
These include the reflex mechanisms of roughjng and sneezing, clliary activity of ceils Hnlng 
the respiratory tree, and the phagocytic actjon of bronrhjolar and alveolar histlocytes. In ad- 
ditjon, the dilation of blood vessels in response to jrrltants results In transudatlon of fluld to 
dissolve and remove by absorption any soluble parttcles and increased mucous secretion to 
mobilize and float away insolubles. 

Before one can state that a certain level of dr-borne radioactivity may present a hasard, 
it 1s necessary to defjne what is meant by the term “haaard” and to make a distinction between 
short- and long-term hazards. Prior to Gperatlon Buster-Jangle (i951), radiological-safety 
criterja were established by the Jangle Feasibility Committee:‘j The criteria, applying to the 
jnhalation hazard as well as other aspects of radiological safety, were desimed to apply to 
peacetime nuclear weapons testing and not to the more serious situation which could be ex- 
pected in the event of nuclear warfare. The following limiting values applicable to the inhala- 
tion of fall-out materjal were used: (1) The average air concentration of fall-out particles 
during the first 24 hr should not exreed 100 pc/m’, (2) any portion of that value whjch js of 
respirable particle size should not exceed 1 j&m’, and (3) no single partlrle should exceed 
IO-: pc me.asured at H+4 hr. These Ilmltlng values were deslgaed to prevent the public from 
exposure to IaIl;out which could conceivably result in long-term radiation injury to the lungs 
and other IntermU organs. Studies by the Los Alamos off-sjte air-sampling group” made dur- 
jng the Nevada tests In i9Sj through 1953 have demonstrated that the amounts Of radioactivjty 
jn particles found in air samples (cascade-lmpactor data) are only a fer per cent of the ac- 

, 
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tivlty tn larger particles collected on fall-out trays at the same eltes. The mean sire of 
particles (mean diameter on a wetght basis) from ruch etr samples has averaged approxlmaie- 
ly SO p, and few particles have exceeded 50 9, by optlcal measurement. Values for radioac- 
tivity per cubic meter of air obtained from low- and high-volume air samplers Include partl- 
cles of rerptrable size (0.1 to 5.0 81). However, It Is apparent that the amount of radIoactIvIty 
In this small size range Is undoubtedly a minute fraction of the acclvlty in the total air sample. 
Furthermore, studles by th? Army Chemical Carps“ have shown that only one out of approxl- 
mately each 10,000 particles found In air samples la tadioactlve. The report by G. ht. 
DuMlng,‘8 summartttng the results of all conUnental atomic tests to date, states that In no 
Instance dld alt-borne contamI,naUon exceed 1.3 PC/m for any 24hr per&i and that under 
such condltlons tne calculated dose to the lungs would be only 190 mrep. In view of these data, I 
there 1s an obvlous need for establishment of more pradlcal rrierta tegardlng health haxards 
associated wlth air-borne contamlnaUon, 

Thus, from physLal ronsldern(lono alone, It Is apparent that the danger from Inhaling 
radloactlre fall-out particles tn slgnlflcant amounts during the first few days postdetonation le 
lmpoeslble wlthout slmultaneoAy being subjected to at least 100 times as much external beta- 
gamma radlatlon exposure. Actually, the potential acute lnhalatlon haxard Ls further reduced 
by the physlologlcal-safety factors previously Ilsted. k’.lr erample, 1f one were Inhaling dr- 
borne partlcles In the O.l- to 50.0-b site range, the 5- to SO+ size particles would lnltlally be 
trapped In the nose and upper respiratory tract. If these particles were Insoluble. they would 
be car&d rapidly to the threat. swallowed, and ellmlnated In the feces wlthln a few days. 
Furthermore, the great majority (85 to SO per cent) of O.l- to 5.0-p particles would, be dls- 
trlbuted Initially In the tr&chda, bronchi, and bronchloler. This materlal retained In the cill- 
ated air passages Is removed upward rapidly by clllary a&Ion and likewise swallowed and 
cllmlnated In the feces. The 10 to 15 per ‘cent of material deposited In the lung alveoli Is also 
eventually removed by phagorytlc actlon but at much slower rates (weeks to months). These 
flne putlcles (0.1 to 2.0 II), however, account for only a mlnute fraction of the total Inhaled 
radloactlvity. Thus It Is apparent, from both pl~ysical and physlologlcai ronslderatlons, that 
any posslblc Internal haxard from lnhalatlon In nuclear warfare during the first few days fol- 

_ lowlng an atomic explosion would constitute a negllglble quantlty. perrent.agewlse, when corn- - 
pared with the corresponding external gamma-ray and/or beta-ray exposure during thls period. 

These coneluslons are further’substantlated by the teeults of controlled laboratory Inha- 
latlon studles, plus the field data presented from head exposures of rabbits to radioactive Iall- 
out matcrlal at near (‘l-mile) and distant (106-mile) staUons, as follows: 

1. Radloassay of lung specimens from anfmals exposed (head only) to fall-out at both the 
7- and 106-mile statlona gave entirely negative results when measurements were made 6 to 
21 days later. However, the epeclmens of Intestines In the same animals still showed deflnlte, 
although small, amounIs of radloarIlrIty. From these field data It Is not possible to quantltate 
the relative local hazard to pulmonary ve gastrolntestlnal tlasues; however, the field results 
showed that the lntestlnal organs accumulated (he bulk of the retained radloactlvity. even after 
lnhalatlon exposures performed In a manner designed to mlnlmlee actual ingestion of radlo- 
active materiais. 

2. The negative findlngs In thyroid tissue lndlrate that I *‘* In absorbable form from elther 
the lungs or gastrolntestlnal tract was not present In stgnlfirant amounts. However, It Is pos- 
sible Ihal I”‘, or some other soluble and absorbable Isotope, may have been present Ln the In- 
haled materials because urlne samples collected during the first 2t hr contaIned measurable 
amounts of Isotopes having a shorter half llfe th.an that of mixed flsslon products. 

2. In contrast to these essentlaJly negative flndlngs for Internal radlatlon exposure, the 
Integrated doses of external gamma radlaUon, to which the .anlmals were exposed slmultane- 
ously, were 14 to 32 r at the 7-mtle-arc statIon* and 1.5 IO 1.2 r nt the 106-mile-are statlons, 
as measured by both film .and rhemlczl melhods of doslmetry, 

k In the iaboratory studies,” animals retain far greater amounts (factors of 10 10 150 

times) of radloartlve yartlrlcs In the Intestinal tracts than arc retained In the renptrutory 
organs following an ac’ute Inhalation exposure, Under field condltlons, where the greatest 
amount of radluactlvity la found In the larger particles, the acute r.adIJlon damage from Inha- 
lation, If any, Is far more likely to Involve rhe IntrxtInaJ organs than those of (he respiration 
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because the bulk of ai1 lnltlally Inhaled lneoluble material Is sooner or later deposited In the 
lntestlnes, where It rem&s for longer perlodr before belng ellmlnated.” 

It should be emphaslred that these deductions and axperlmental reuults In the lab&tory 
were obtalned wlth lnrolubte radloactlve partlculote materlsls. U the radloactlve fall-out ma- 

terlas had contained a high perctintage of soluble and therefore absorbable substances, the 

dangers from lnhalatlon could be greater from the physlologlcal etandpolnt. However, the 
same physlcal factore would apply as In the case of lnsolqble air-borne particles, wlth the ex- 

ceptlon that a conslderable fraction of the larger particles, trapped In the upper resplratory 
passages, would be absorbed Into the general clrculatlon rather than removed and subsequently 
excreted In the feces. Wlth soluble partlculotc’ materlals the local radlatlon danger to alveolar 
areas of the lungr would be negligible because of the extreme rapldlty of absorptlon from such 
surfaces. Ukewlse, the duratton of exposure to the mucoue-membrane surfaces of the resplr- 
atory pasri?ges and mucosal llnlng of the lntestlnes would be relrtlvely short. The maln physl- 
ologlcat-safety factor with Inhaled soluble particulate materials would be repld and effective 
urinary exrretlon. The danger from Inhalation would not be from rrdlatbn to the lungs or ln- 
testlnes but rather to the bone marrow and poeslbly to the kldneys. Rut agaln, from physlcpl 
reason8 alone, the danger from external radlatlon exposure to fali-out of soluble materials 
also would far exceed that from all the Inhaled and the subsequently rwallowed particles corn- 
blned If no protective measures were employed. 

This dlscusslon has been llmlted to an evaluation of the acute Inhalation haaard from 
radloactlve fall-out materlais under actual field condltlona In Nevada and from data obtatned 
ln the laboratory, where field condltlons were slmulated. Tho authors realIre that there may 
well be considerable danger from repeated long-term (months to years) lnhalatlon and co+ 
current IngestIon exposures to radloactlve air-borne particles. Under such condltlois one Is 
dealing wlth long-lived Isotopes and must conslder the abrorptlon and depoaltlon of mIcrocurIe 
amounts of Isotopes such as SrH, pU*“, Cds, etc., In the bones or accumulatton of particulate 
materials In the lungs over long periods of tlme. The present tnvestlgatlons have been llmlted 
to short-term experlmentr dedgned to study only the acute or short-term aspects of the over- 
aI1 lnhalatlon problem. 

Although the primary objective of this project was to evaluate thp acute Inhaiatlon haxaril, 
It seems apropos, In vtew of the repeatedly expressed coscern”*“**‘ over the potential hazard 
from retalnlng a single particle of hlgh actlvlty In thu lung and Its posstblo relitIon to subse- 
queni lung cancer, to reiterate the results of some data, previously publlshed only In UCLA 
quarterly reports (Reports UCLA-l’& 195, 216, and 228), which are pertinent to thls problem 
and also to the long-term Inhalation hazard. 

First, a control\& experiment tias made In 106 rats to Investigate poaslble carclnogenlc 
effects of large-particle retentlon. Flve particles of pure elllca, each measuring approxlmate- 
ly 1000 M, were Implanted In the left lung through a iSgauge needle. The next week radloactlve 
particles of slmllar size and dhemlcal composition (obtalned from the s&e of Trlnlty shot) 
were Implanted by the same technlquee In the right lung of tho same animals. The radloactlve 
prrtlcles had reached a plateau regarding radbactlve decay and were water Inaolubie. The 
radloactlvlty per five partlcler averaged 25 d:mln of alpha raye and 75 d/set of beta-gamma 
rays. At monthly Lntervals beginnlng 2 months after Implantation, groups of IO rats were 
sacrificed, and attempts were made to identify the partlcles on oath sldo. Localltatlon was 
not possible In newly 60 per ceet; however, In these cases the entire thorax was ashed and 
counted, and the orlglnal amount of beta-gamma radlo .ctlvlty was still pre6ent. In a fuW 
instances of this type, partlrles were ldentlfled In the pleural space at the base of the lung, 
The lmporfant fIndIngs were that (1) there was no evidence, In mtcroscoplc sectlons Immedl- 
ately surrounding the posltlon of the embedded particles, of mallh~ant cellular change and (2) 
the same foreign body reaction surrounded both radloactlve and nonradloactlve particles. 

It Is estimated that the amount of radlatlon received In the first 15 p arwnd each particle 
during the la-month pcrlod was approximately 80 rem, due prlmarlly to alpha radlatlon. In 
the next few mllllmeters the beta dose was estimated itt 340 rop. The conclusions from thls 
l-year study were that the amount of radloactlvlty used was too llttle and the tlme Of exposure 
was too short to Induce neoplastlc changes In nurroundlng lung tlssue. 
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A C3rcln~enlC effect to bronchopulmon3ry tissue probably requires a total dose of at 
Ie33t 2000 rep.” Such a dose could hardly be attained locally for the folIowIng reasons: (I) 

Nelther particles l3rRer thnn 2O.p In the pulmomiry tree nor p3rticles larger than 5.0 p In the 
alveolii‘ h3ve been demonstrated by US; (2) pzrtlcles between 5.0 snd 20 s have a maximum 
lnltlal rrdlorrtivlty nt H + 4 hr of 3bout 0.5 mpc. and the 1-l 2 decay factor reduces thts a’ctlvity 
by a factor of 100 during the first week 3nd to nr~llgible levels thereafter; (3) particles of 5.0- 
to 20-p size In the bronchi are r3pldly trunsported upward by 3 constvltly ;novtng layer of 
mucus propelled by cllilrry action, lhereby Iimlting the durrtion of exposure at any local rrea 
to a m;rximum period of a few minutes; 3nd (4) the iorjiest p3rtlcles which may be lodged In the 
tiveoli (up to 5.0 s) are r3pidly engulfed by lung histlocytes. 

Some 3ddltional work pertinent to the lon9-term inhalation hvzrd hul been performed and 
described in UCLA qu3rterly reports, Reports XLA-238, 280, and 267. These controlled 
studies were performed in 3 large inhal3tion ch3mber using both rats and rabbits. The rad’o- 
active dust was obt3Ined from an 3rea near 3 cr3ter following the Buster-J3ngle series in 
1952.’ The dust concentntion employed was 2.0 X 10’ d,‘mln/m’, and the particles were In the 
O.l- to 5.0-u size r.ulge. Anim31s were gIvcn head exposures 6 hr daily, 5 day8 per week, for 
a total of 80 exposures. Following e3ch exposure 3Il 3nlmals were vacuumed and placed In 
clear tndtvidual c3gea until recxposed in the chamber. Three sertes of experiment3 of this 
type were m3de to obt;lln d3t3 on 3n adequate number (90) of animals. In each series, animals 
of both types were sacrificed dter 10, 20, 30, and 6@ d3ys to determine accumul3ted pulmonary 
deposItIon and f3Ie of Inheled m3terial in all major organs, Including bone. In addition, lung 
clezrance studies were m3de on 3Rern;rte animlle by 3ssayIng oshed orgvr specimen3 3fter 
increaskng times followlng completion of 3 given number of inhal3tion exposures. 

Briefly, the m3jor results of these studies showed th3t (1) the YnounI of pulmonary re- 
tentton of radioactive particles increased with the numbers of dolly exposures up to 20 da)s 
;md then rem3lned nerrly stationrry; (2) the 3mounts of beta-gamma r3dioactivIty per lung 
never exceeded 17 d’sec; (3) rle3rcvrce from the lungs following repeated exposure was raptd 
during the flrst few weeks and bec;lme slower thereafter; however, about 70 per cent clearvlce 
w3s attained in 60 days; Jnd (4) because of the low water solubillty (1 per cent) of the material - 
and the minute amount ret3ined in the lungs yrd intestines, values for radio3ctlvity in other 
org?ns, inrluding bone, seldom exceeded twice the brcksround. The type of material, Pfr‘con- 
cenlmtion. snd partlcle-size ranse should h3ve given maimurn lung retention, and these con- 
dillons simulated in many w3ys the worst conditions one might expect during 3 j-month perlod 
dter 3 near surface detonation of 3 nominal weapon In 3 semiarid area such as the Nevada 
Test Site. 

Even under these cond!tions the zmounts of radiation exposure to lungs and other orgdns 

did no1 3pproach levels which could c3use detectable physiological chanltes and were less thvr 
0.0001 of the minimum doses vhlch have been shown to induce ncute r3dIatIon pneumonitis 
(2000 to 3000 rep).” 

Furthermore, these studies demonstrlted the efflcleucy of the resptratory orgyls In re- 
spect to their cap3city to remove lnh3led foreign p3rticul3te materials 31 3 r3te almost equal 
to the r3te of deposition from contlnutng inhal3tion exposures. Extr3polation from the very 
gradud accumul3tion of particulate material in the lungs indicates th3t retention of physlo- 
logic-ally aigntftrant quantities of such particles might be attatned If slmllar ddly exposures 
were m3de for several ye3rs. These fIndIngs 3nd estimtes are in accord with the long peri- 
ods (5 to 20 ye;trs) of exposure required to Induce siilcosls and other pneumoconloses in man. 

In 3 comprehensive rumnmry .3nd evalu3tlon of the acute and chronic effects of radIo3ctIve 
p3rtlcles on the pulmon3rp tr3ct, the conclusionszO ?re: 

1. The 3cute extermll b&3-93mma radistion h.uard is mvly times gre3ter thvl that from 
. inhalation. and an ndditlonal safety factor for the lung (of perhaps 10) is represented by the . 

respir3tory tract clearance machanisms. 
2. In IndustrM or rese3rrh work with nucle3r reactors and radioisotopes, situ3tions m3y 

. , occur wherein relatively small numbers of people may receive si3nIfirant radiation exposure 

to p3rts of the respir3tory system from Inh:dinji radioactive p3rtickS COIltaining long-lived 
isotopes of h’gh specific 3rtivity. without sIniultanrously exceeding tolerance levels for whole- 

body exposure. 
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3. Little Informattor la avatlable on the poten:A hata to the iesptratory syrtem and 
other organs followlntg chronic e@ouure to -watt amounts of long-iived radlolsotopes such as 
SrW xnd Pu”‘. The occurrence of eptdermold carctnoma tn the lungs of mice after exposure 
to plutonlum prrtlrles suhxestr that accumulatlona of such materWe may present a elmllar 
haaard to man. 

Finally, the results of thorough studles of antmalts and humans accldentaBy exposed to 
tadration from fall-out durlnp the Paclflc field tests In the sprlny of 1954 demonstrate” that: 

1. External gamma radbatton Is by far the most serious haxard in the fall-out area. 
2. Beta radiation of the skin can be,a problem even In the’absence of lethal doeer of as- 

soctated pamma-radiation exposure. 
3. Some degree of internal contamlnatlou wltl ocrur In persons exposed to fall-out, but 

the amounts depo&ted tn the body will be relatively small. It appears certain that no contrlbu- 

tlon to the acute medical picture will result from this cauue and furthermore that, although 
data are lnc~tmplete, ltttle or no tonp-term haxard ts Ilkely. particularly lf reasonable precau- 
ttonr are taken to avold excessive Inhdatlon ?nd Inl;estlon of contaminated materials durlnS 

and after the Ml-out perlod. 

4.2 CONCLUSIONS 

From careful analysis of field etudles made following thr Apple II tower detonation and 
fmm extenstve lnhalatlon studlee performed durln9 the past 6 years In the !aboratorles of the 
Atomic Enor Project, UCLA, slx tmportant conclustons have been reached regard& the . 
possible acute haxard from inhaling radioactlve fall-out materlats: 

1. There Is no apparent slturtlon In nuclear warfare ln which It would be possible, during 
the flret few days followlny a detonation. to tnhate amounts of fall-out materids sufflclent to 
cause acute radlatlon Injury to the lungs or lntestlnal tract Wthout stmultaneously r,ecelvlng 
rupralethal external doses of beta-gamma radlatton. 

2. From conslderatlon of physical factors alone (such as strength and type of detonation, 
parttrle-sire distrlbutlon. decay rates, meteorological condttlons, atr-borne radiorctlvlty 
levels, and percentqe of radiooctlvtty in the O.l- to 5.0-p alze range), the acute external beta- 
‘gamma rrdtatton hazard Is at least 1000 times greater than 1hx.r from Inhalation. 

3. When physloloplcal phenomena are also conaldered, the defense mechantsms of the 
respiratory organs effecttvely reduce the pulmonary haxard by at least another factor of 10. 

4. The possiblllty of tnduclng bronchtal or pulmonary carcinoma by the tnhalatlon and 
long-term retentlon 01 a einKle radioactive parttcle (20 p in etze) appears remote on the baets 
of both phystcal and physiological constderattons. 

5. From the results of repeated (60) 6-hr fnhalatlon exposures of rats and rabbits to 
radioactive insoluble particles (0.1 to 5.0 )I) under controlled condltlnne In the laboratory, It is 
esttmated that, because of lung clearance merhanlsms, eimtlar dally exposures would have to 
be continued for 5 to 20 years In order to accumulate aufflcient quantitlee of such mrterlals to 
Induce patholoptcnl testons ln the lungs. 

6. Under fteld condlttons and In laboratory studIcs deslgned to permtt acute exposure by 
inhalation. and to prevent simultaneous lngestlon of radioactive fall-out prrtlculate matertats, 
the radtatlon exposure to the intesttnal organs exceeded that to the organs of respIratLou by 
factors of 10 to 150. Direct lngestlon of such matertals would further increase the intestinal 
and Internal haaard. 

4.3 BECOMMENDATIONS 

In future tnvesttpatlons emphasis should be shifted to the long-term (years; pulmonary 
neoplasttczeffects from acute and chronlr tnhalatlou expoauie to long-lived alpha-emtttlng 
radlolsotop&, espeelalty Pu:“, and to the rhrontc etkts In the tntesttues and bones from 

acute and chronic Ingestton of Sr” and Pu”‘. 
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